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(54) Title: PROCESS FOR THE TREATING OF AND/OR REMOVAL OF SUBSTANCES FROM A LIQUID , ESPECIAL- 
LY WHOLE BLOOD, AND A DEVICE AND A MEMBRANE FOR THE REALIZATION OF SAID PROCESS 

(57) Abstract 

A process for the treating of and/or removal of 
substances from a liquid, especMy whole blood, via a 
semipermeable microporous membrane (13, 14, 15) 
through adsorption and/or biological reaction by means 
of a biologically active material Said whole blood is ex- 
posed to pressure variations at the membrane surface in 
a way such that a penetrating fraction of said whole 
blood is flowing in an alternating flow path through the 
membrane walls for contacting said biologically active 
material Said biologically active material is asymmetri- 
cally immobilized in and on the surface of the side of 
said membrane that faces away from said whole blood. 
Alternatively, said biologically active material may be 
bound to an unsoluble matrix behind said membrane. 
Said membrane is for example provided within a casing 
(7, 8, 9) comprising inlet (10) and outlet (11) for said 
whole blood. The space between said casing and said 
membrane is via a connecting nipple (12) in communi- 
cation with for example an expansion chamber for the 
provision of pressure variations. By means of the device 
(3) it is possible to perform said process in one and the 
same step and by means of one and the same pumping 
system. Example of suitable materials for said membra- 
ne are regenerated cellulose, cellulose acetate, non-wo- 
ven acrylic copolymer, polysulphone, polyether sulpho- 

ne,polyacrylonitrile, polyamide and the like.The pores of said membrane are usually of the order of magnitude of 0.01 -0.8 mic- 
rons, preferably 0.15 - 0.45 microns. The choice of biologically active material is determined primarily by the type of substance 
that is to be removed. 
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TITLE 

PROCESS FOR THE TREATING OF AND/OR REMOVAL OF 
SUBSTANCES FROM A LIQUID , ESPECIALLY WHOLE BLOOD, 
AND A DEVICE AND A MEMBRANE FOR THE REALIZATION OF 
SAID PROCESS 

TECHNICAL FIELD 

This invention relates to a process for the treating 
of and/or removal of substances from a liquid via a micro- 
porous, semipermeable membrane through adsorption and/or 
biological reaction by means of a biologically active mate- 
rial. Furthermore, this invention relates to a device and a 
membrane for the realization of said process, and a process 
for immobilizing of a biologically active material on and/or 
in such a membrane . 

Especially this invention is concerned with a process 
for the removal of substances from whole blood. 

Example of such substances are immune complexes of IgG- 

or IgA-type having molecular sizes within the range of from 
4 6 

20x10 to 10 Daltons. Further examples are antibodies, for 
example immunoglobulins of IgG-, IgM- and IgA- types, and 
antigens, for example virus and DNA in systemic lupus eryte- 
matosis (SLE) . Also harmful enzymes, for example some proteo 
lytic enzymes which are detrimental to human organs, are 
examples of such substances in this especial context. 

Even though the present invention will be described 
with particular reference to a process for the treating of 
and/or removal of substances from whole blood, so-called 
blood immunotherapy, it is to be understood that the inven- 
tion is not restricted to only this particular field of use. 
In its broader sense the present invention may be applied to 
other liquids which are to be treated in the way specified 
in the preamble of claim 1. 

BACKGROUND OF INVENTION 

Substances, for example macromolecules , in whole blood 
are usually captured or transformed specifically. 




For example it is required that the blood corpuscles 
are initially separated from the plasma which is then 
treated separately for the removal of said macromolecules . 
Then, said plasma is filtered in further separate steps to 
remove possible remaining harmful substances, whereafter 
said plasma is finally rejoined with said blood corpuscles 
and fed back to the source for said whole blood. 

If a rapid process is desirable, said separation is 
performed through plasmapheresis based on a centrifuge step 
A more simple process is however realized, if said separa- 
tion of whole blood is performed by means of a microporous, 
semipermeable membrane filter. 

Irrespective if said separation of whole blood is rea- 
lized through centrifuging or by means of a microporous, 
semipermeable membrane filter, two separate pumping systems 
are required in this known technique for- the realization of 
said process, i.e. a pumping system for said whole blood 
and a pumping system for said plasma. The reason for this 
inconvenience is primarily that said process necessarily 
must, be divided into more separate steps, as described 
hereinabove. 

An object of the present invention thus is therefore 
to avoid said inconvenience in the known technique and to 
provide a process v/hich does not require a dividing into 
separate steps for the treating of and/or removal of sub- 
stances from the liquid, especially whole blood, and which 
therefore does not require two pumping systems. 

Another object is to provide a device and a membrane 
for the realization of said process. 

A further object is to provide a process for the immo- 
bilizing of biologically active material on and/or in such 
a membrane. 

. . Other objects and advantages of the present invention 
will be apparent from the following description. 

DESCRIPTION OF INVENTION 

According to the present invention there is provided 
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a process for the treating of and/or removal of substances 
from a liquid, especially whole blood, via a microporous, 
semipermeable membrane through adsorption and/or biological 
reaction by means of a biologically active material. Said 
5 process is characterized in that a penetrating fraction of 
said liquid is forced to flow in an alternating path through 
said microporous membrane in each direction for contacting 
said biologically active material. 



10 provided a device for the treating of and/or removal of sub- 
stances from a liquid, especially whole blood, via a micro- 
porous semipermeable membrane through adsorption and/or bio- 
logical reaction by means of a biologically active material. 
Said device is characterized in comprising means for the 

15 realization of an alternating flow of a penetrating fraction 
of said liquid through said membrane in each direction. 

Furthermore, there is provided a microporous semiperme- 
able membrane for the treating of and/or removal of sub- 
stances from a liquid, especially whole blood, through ad- 

20 sorption and/or biological reaction by means of a biological- 
ly active material. Said membrane is characterized in that 
said biologically active material is immobilized in the 
pores and/or on the surface of the side of said membrane 
which, is adapted to be faced away from said liquid. 

25 Furthermore, there is provided a process for the immo- 

bilizing of IgG (biologically active material) on and/or in 
a microporous semipermeable membrane of amine substituted 
. polyamide via glutardialdehyde. Said process is character- 
ized in that one surface of said membrane is treated with 

30 a solution of glutardialdehyde in phosphate buffer; the so 
treated membrane is rinsed with distilled water and then 
sucked relatively dry; that IgG, dissolved in phosphate 
buffer, ispouredover said membrane to cover same; that the 
system is evacuated; that the coupling is allowed to pro- 

35 ceed; and in that said membrane finally is carefully rinsed 
with water. 



According to the present invention there is furthermore 



Furthermore, there is provided a process for the 
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immobilizing of protein A (biologically active material), on 
and/or in a microporous, semipermeable membrane of cellulose 
acetate. Said process is characterized in that one surface 
of said membrane is treated with chloroacetic acid for 
coupling of carboxymethyl groups to said membrane; that said 
membrane is dried and then transferred into a degassed solu- 
tion of phosphate buffer containing l-ethyl-3 (3-dimethyl- 
aminopropyl) carbodiimide; that the reaction is allowed to 
proceed, whereafter said membrane is washed with phosphate 
buffer to removing excess of l-ethyl-3 (3-dime thy 1 aminopropyl) 
carbodiimide; that protein A is provided to cover said mem- 
brane which then is reacted with said protein; and in that 
said membrane finally is washed with water. 

In the particular case where said liquid is constituted 
by whole blood , said biologically active material may be 
. chosen from the group consisting of the following protein- 
aceous material: antibodies, antigens, enzymes, protein A 
and the like, for example killed bacteria or fragment there- 
of. 

The choice of proteinaceous material is determined pri- 
marily of the type of substance that is to be treated and/or 
removed. 

For example, if antibodies or complexes of antibodies 
and antigens, so-called immune complexes, are to be removed, 
protein A is preferably chosen, which preferably captures 
immune complexes of IgG-type, IgG and some IgM and IgA. 
Alternatively certain membrane protein from streptococci may 
be chosen, which relatively specifically binds to IgA and 
immune complexes thereof. A further alternative may be speci- 
fic antigen in order to eliminate antibodies which are harm- 
ful to tissue, for example in transplantations. 

If antigens, for example a virus or DNA in SLE, are to 
be removed, then it is convenient to choose an antibody which 
specifically binds to such antigens. Also antibodies or- other 
fix adsorbents may be chosen to eliminate harmful enzymes, 
for example certain proteolytic enzymes which are detrimental 
to human organs. 




Enzymes which perform biological reactions which the 
body does not manage to handle owing to any enzyme defi- 
ciency disease, constitutes examples of further biological 
material which can be used according to this invention. 

The membrane according to the present invention may con 
sist of any suitable blood compatible material which is able 
to bind to the biologically active material. Examples of 
such suitable material are regenerated cellulose, cellulose 
acetate, non-woven acrylic copolymer, polysulphon, polyether 
sulphon, polyacrylonitrile, polyamide and the like. The pores 
of said membrane are usually of the magnitude of order of 
0.01 to 0.8 microns, preferably 0.15 to 0.45 microns. 

Said membrane may be either in planar form or in form 
of one or more hollow fibers. In said planar form said mem- 
brane has the biologically active material bound in the 
pores and/or on the surface of the side of said membrane 
that faces away from the whole blood. When the membrane is 
in the form of hollow fibers, said biologically active ma- 
terial preferably is bound in the pores and/or on the sur- 
face of the outer side of said fiber or fibers. The whole 
blood is in this case adapted to flow through the longitu- 
dinal void in said fibers. 

Alternatively, said membrane may be composed of two 
membrane halves which are mechanically generally identic to 
each other but which chemically may be built up of different 
material. In this case it is enough if only the membrane 
half that faces away from the whole blood is able to bind to 
the biologically active material. For example, said membrane 
halves may be provided in an abutting relationship to each 
other, wherein, the biologically active material preferably 
is bound in the pores and on both surfaces of the membrane 
half that faces away from the whole blood. 

Irrespective of the outer shape or chemical or mechanic 
al constitution of said membrane, said biologically active 
material (for example protein A, antibodies, antigens, en- 
zymes) must be immobilized in said membrane in such a way 
that the -surface of said membrane that faces towards the 
whole blood is free of "reagent " . This is to avoid contact.— 
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between blood corpuscles and the reagent and thereby pyro- 
gen and/or anaphylactic reactions. Thus it is a form of a- 
symmetric immobilization, where on one surface of said mem- 
brane as well as in the pores thereof said biological active 
5 material has been immobilized. The advantage of immobilizing 
within the pores on said membrane is that the active micro- 
scopic surface may be manifolded (>1000) compared to the 
macroscopic surface . 



10 ly active material the diffusion distance from the blood to 
the biologically active material is very short (*i0.30 mm; 
thickness of membrane) . Grace to this short distance a some- 
what oscillating pressure wave is enough for providing de- 
sired transport of high molecular substances from the blood 
15 to said biologically active material. 

Alternatively, said biologically active material may be 
bound to an unsoluble matrix behind said membrane. The treat- 
ing process is yet similar, but since the necessary diffusion 
distance. is about 10 times longer, it may be necessary to 
20 arrange a somewhat more real flow through said membrane. 

Irrespective of whether the biological material is im- 
mobilized in the pores or an unsoluble matrix behind said 
membrane is used for immobilizing said active material, the 
immobilizing procedure must be so performed that said active 
25 material cannot be broken away. This means that covalent 

coupling is the most safe immobilization. What exact type of 
covalent coupling that is to be used depends on the choice 
of membrane material and the type of used biologically active 
material. 

. According to a preferred embodiment of the present de- 
vice the microporous semipermeable membrane is used in the 
form of flat foils. Said foils are provided in pairs between 
distance plates and together with said distance plates 



Through the asymmetric immobilizing of said biological 
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clamped within a casing comprising inlet and outlet for the 
whole blood. This construction differs from a so-called 
"plate kidney" , which is known to the person skilled in the 
field of dialysis , primarily through the lack of correspond- 
5 ing inlet and outlet for dialysis solution. A more detailed 
description of this construction is therefore hardly neces- 
sary in this context. The whole blood to be released from 
substances, is pumped from for instance a patient into said 
casing through said inlet and is distributed in a convenient 

1Q way through the spaces between said membrane foils being 
provided in pairs. During the passage through said spaces 
said whole blood is exposed to pressure variations in a 
manner so that only a penetrating fraction of said whole 
blood is caused to flow in an alternating path through the 

15 . respective membrane foil in each direction for contacting 
said immobilized biologically active material. In this way 
said whole blood will be partly separated, partly treated 
within one and the same casing in one and the same step. 
Since the biologically active material is immobilized in the 

20 part of membrane that faces away from said whole blood said 
whole blood, will not come into contact with said material. 
Consequently, any following separate filtering of said whole 
blood therefore is not necessary. 

The means for the realization of said pressure varia- 

25 tions may for instance be made up of an expansion chamber 

in fluid communication with the spaces between said membrane 
pairs and distance plates, respectively, which alternatingly 
is exposed to overpressure and underpressure in relation to 
the pressure of said whole blood. 

30 According. to another preferred embodiment of the pre- 

sent device said microporous semipermeable membrane is in 
.. the. form of individual fibers which may be provided into 
bundles and ..encapsulated within one and the same casing 
comprising inlet and outlet for said whole blood. The ends 

35 of said fibers- are glued by means of a suitable binder in a 
way such that said individual fibers are retained essentially 
parallel within said casing. One end of said fibers or 
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bundles of fibers is provided in communication with said 
inlet, while the opposite end is provided in communication 
with said outlet. Said whole blood is pumped into said cas- 
ing through said inlet and through the longitudinal void of 
5 said fibers and out of said casing through said outlet. 

During said passage through said casing said whole blood, as 
described above, is exposed to said pressure variations, such 
that only a penetrating fraction of said whole blood is 
caused to flow in an alternating path through the fiber walls 
10 in. each direction for contacting with said biologically 
active material . The means for the realization of said 
pressure variations may again be made up of an expansion 
chamber in communication with the space between said indi- 
vidual fibers and bundles of fibers, respectively. Again, 
15 the separation of whole blood as well as the capturing of 
. said substances on the biologically active material is pro- 
vided in a single step. Any following filtering of said whole 
hlood for the removal of possible harmful residues is neither 
. requested, since said filtering is automatically achieved 
20 through the passage of said plasma through said fiber walls. 
Said pressure variations may vary from -200 to +200 
mmHg, preferably from -100 to +100 mmHg. The longer the dif- 
fusion distance for the blood, for example if the biological- 
ly active material is bound to an unsoluble matrix behind 
25 said membrane, the higher compensating pressure variations 
are required to achieve the desired separation effect . In a 
corresponding way the frequency of said pressure variations 
may vary from about 0.05 up to about 10 Hz, preferably 0.5 
to 1 Hz. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described with reference 
to preferred embodiments of as well the process, the device 
as the microporous semipermeable membrane. 
35 . .Fig- 1 is a schematic flow diagram showing the mode of 

carrying out the present process, 




Fig. 2 is a longitudinal cross-section through a pre- 
ferred embodiment of the present device, including micro- 
porous, semipermeable membranes in the form of fibers which 
are encapsulated within one and the same casing comprising 
5 inlet and outlet for the whole blood, 

Fig. 3 is an end view of the device of Fig- 2, 
Fig. 4 is part of a longitudinal cross-section through 
another preferred embodiment of the present device, wherein, 
said microporous semipermeable membrane is in the form of 
10 individual fibers or thin-walled tubes, and 

Figs. 5-6 show preferred embodiments of the microporous, 
semipermeable membrane according to the present invention, 
comprising immobilized biologically active material. 

In Figs. 5-7 the following symbols have been used: 
15 • biologically active material 

and , respectively = granules comprising biologically 

active material. 

THE MOST PREFERRED EMBODIMENT OF THE INVENTION 

20 • In order to remove for example antibodies or complexes 

of antibodies and antigens, so-called immune complexes, from 
a liquid, especially whole blood, said whole blood is with- 
drawn from a source 1 (Fig. 1), for example a patient, by 
means of a pump 2.. Said pump 2, which may be a conventional 

25 blood pump, pumps said whole blood into the present device, 
generally designated 3. In said device said whole blood is 
exposed to pressure variations of the magnitude of order of 
from -200 to +200 mmHg, preferably from -100 to +100 mmHg, 
by means of an oscillation unit 4 which provides said 

30 pressure variations with a frequency of 0.05 - 10 Hz, pre- 
ferably 0.5 - 1 Hz. In this way a penetrating fraction of 
said whole blood, i.e. the plasma, will flow in an alternat- 
ing path through the walls of semipermeable microporous 
membranes in each direction, which are provided in the 

35 device 1, for contacting said biologically active material, 
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for example protein A, For more detailed information as re- 
gards said membranes reference is made to the following de- 
scription. Said whole blood, which has passed through the 
device 3, is then pumped back into said patient 1 via a 
5 manometer 5 and an air detector 6. As well said manometer 5 
as said air detector 6 are conventional in the field and 
need therefore not.be described more in detail. The addition 
of anticoagulantia, as shown at 25, such as heparin, may 
be a pump or similar construction which in a well-known 
10 manner adds said heparin. 

According to a preferred embodiment of the present in- 
vention the device 3, as shown in Figs. 2 and 3, consists of 
an essentially cylindrical intermediate part 7, both ends of 
which are closed by means of two identic conically shaped 
15 lids 8 and 9, respectively, while forming inlet 10 and out- 
let 11, respectively. Said intermediate part 7 is provided 
with a connecting nipple 12 for communication with said 
oscillation unit 4, as schematically shown by means of the 
two-headed arrow in Fig. 2. 
20 The device according to Fig. 2 comprises microporous 

semipermeable membranes in the form of individual fibers 
13-15, preferably of cellulose acetate. The ends of said 
fibers are glued by means of a suitable binder 16 in a manner 
such that said individual fibers 13-15 are essentially pa- 
25 rallel within said casing. One end 13a, 14a, 15a of said 
fibers is provided in communication with said inlet 10, 
while the opposite ends 13b, 14b, 15b are provided in commu- 
nication with said outlet 11. Said whole blood is pumped in- 
to the device 3 through said inlet 10 and is distributed in- 
30 to the space 17 between the fiber ends 13a-15a and the conic- 
al .lid 8, such that essentially uniform portions of the 
entering whole blood will pass through the longitudinal void 
of each of . said fibers 13-15. After the passage through said 
fibers said whole blood is collected in the space 18 between 
35 the fiber ends 13b-15b and the conical lid 9 and flows in a 

concentrated flow out of the device 3 through said outlet 11. 
Even if only three individual fibers 13-15 are shown in 



Fig- 2, said number may vary* For example said individual 
fibers may be provided in the form of bundles or bunches. 

The embodiment shown in Fig. 4 differs from that of 
Figs. 2 and 3 primarily in that the microporous semipermeable 
5 membrane is constituted by one individual fiber 19. To 

support said fiber 19 the device comprises heads or concen- 
tric flanges 20 which are adapted to abut against the outer 
wall of said fiber. 

In Figs. 5-7 different principles of immobilizing of 
.10 said biologically active material are shown. In Fig. 5 said 
material is immobilized in and on the outer surfaces of flat 
membranes 21, 21' „ In Fig. 6 the membrane 22 consists of two 
separate membrane halves 22a, 22b in an abutting relation- 
ship to each other. The biologically active material is im- 
15 mobilized on and in only the outer membrane half 22a. In 
Fig. 7 the biologically active material is received in 
granules 23 which are freely floating in the space around 
said microporous semipermeable membrane 24. 

The following examples will illustrate concrete pro- 
20 cesses for coupling of said biologically active material 
to the present membrane . 

EXAMPLE 1 

In this example immobilizing of IgG to a polyamide 
25 membrane (nylon) is realized. 

Amine substituted nylon membrane is manufactured as 
follows: 

1. Said polyamide membrane is washed with 10% solution 
of Duponol RA (detergent) and is rinsed with distilled 

30 water and dried. 

2. Triethyloxoniumtetrafluoroborate in dichloromethane 
was sucked into an evacuated vessel, wherein the membrane 
was applicated. 

3. After 60 seconds the reagent solution was sucked off. 
35 4. The membrane was rinsed through the so-called suction 

process with two portions of dichloromethane. 
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5 . 1 , 6-diaminohexane was sucked into said reaction 
vessel and reacted with the activated groups of said mem- 
brane during 30 minutes at room temperature . 

6. Finally , the membrane was flushed with distilled 
5 water during 24 hours and dried. 

Coupling of IgG to the so treated membrane 

In this example IgG was immobilized on and in the so 
treated membrane via glutardialdehyde . The membrane was 
1Q therefore treated with 2.5% solution of glutardialdehyde in 
0.1 M phosphate buffer at pH = 6.8. Then the membrane was 
. amply rinsed with distilled water and sucked dry. 

IgG, dissolved in 0.1 mM phosphate buffer (4°C) at 
pH = 6.0 was poured over the membrane, so that this was 
15 covered. The system was evacuated during 30 minutes, where- 
after the coupling was allowed to proceed during further 
15 hours at 4°C. 

Not coupled IgG was collected with the first rinsing 
water in an ion exchanger. The membrane was carefully, rinsed 
2Q with water, whereafter it was ready to be applicated *in the 
present device. 

EXAMPLE 2 



25 membrane* 

In a first step carboxymethyl groups were coupled to a 
membrane washed with an alcohol. This was realized in that 
the membrane material was treated with chloroacetic acid. 



30 avoid formation of cracks. 0.2 M phosphate buffer at pH 4.75 
was degassed, l-ethyl-3 (3-dimethylaminopropyl) carbodiimide 
(EDC) was added, such that the alcoholic concentration of 
this substance was 0.1 M. The membrane was then transferred 
into said degassed EDC solution. The reaction was allowed 

35 to proceed during 30 minutes at room temperature. Warm phos- 
phate buffer of pH = 7.0 was used to wash said membrane 
free of excess of EDC. 



In this example protein A was immobilized on a cellulose 



The membrane was dried, while being careful so as to 





Protein A in a concentration of 2 rag/ml was caused to 
cover said membrane ♦ The membrane was then allowed to react 
with said protein during 2 4 hours at 4°C. Finally, the mem- 
brane was washed and was then ready to be applied in the 
5 present device . 

INDUSTRIAL APPLICABILITY 

The present . process is especially, though not exclusive- 
ly., useable for the treating of and/or removal of substances, 

10 such as enzymes, antigens and/or antibodies from whole blood. 
Said whole blood is pumped from for example a patient into 
a treating unit comprising a microporous semipermeable mem- 
brane having pores of 0.01 - 0.8 microns, preferably 0.15 - 
0.45 microns. During the passage through the treating unit 

15 said whole blood is exposed to pressure variations (for 
example from -200 to +200 mmHg, preferably from -100 to 
+100 mmHg) , whereby a penetrating fraction of said whole 
blood, i.e. the plasma, is caused to flow in an alternating 
path through the membrane wall in each direction for con- 

20 ■ tacting the biologically active material. 

Said biological active material may for example be 
antibodies,, antigens, enzymes, protein A etc., for example 
killed bacteria or fragments thereof. The choice of bio- 
logically active material is determined primarily by the 

25 type of substances that are to be removed. 

Suitable materials for the membrane are regenerated 
cellulose, cellulose acetate, non-woven acrylic copolymer, 
polysulphone , polyether sulphone, polyacrylonitrile , poly- 
amide and the like. The biologically active material is im- 

30 mobilized in the pores and/or on the surface of the side of 
said membrane that faces away from said whole blood. Alter- 
natively said biologically active material may be bound to 
an unsoluble matrix behind the membrane. Thereby the blood 
corpuscles are prevented from contacting said active material . 

35 After the passage through the treating unit said whole 
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blood is reinserted in the patient. 

Through the above construction of the microporous 
membrane, i.e. asymmetric immobilizing of said biologically 
active material, said whole blood need not be exposed to 
5 any. following filtering for removing possible remaining 
harmful residues. As well the separation as the removal 
of said substances can thereby be performed in one and the 
same step. 




CLAIMS 

1. A process for the treating of and/or removal of 
substances from a liquid , especially whole blood , via a 

5 microporous semipermeable membrane (13, 14, 15; 19; 21, 21' ; 
22; 24) through adsorption and/or biological reactions by 
means of a biologically active material, characterized in 
that a penetrating fraction of said liquid is caused to 
flow in an alternating flow path through said microporous 
10 membrane (13, 14, 15; 19; 21, 21 1 ; 22; 24) in each direction 
for contacting said biologically active material, 

2. A process in accordance with- claim 1, characterized 
in that said biologically active material is chosen among 
biologically active proteinaceous materials. 

15 3. A process in accordance with claim 1, characterized 

in that said biologically active material is chosen among 
antibodies, antigens, enzymes, protein A etc., for example 
killed bacteria or fragments thereof. 

4. A process in accordance with claim 1, 2 or 3,., 
20 characterized in that said liquid is exposed to pressure 

variations of the order of magnitude of from -200 to +200 
mmHg, preferably from -100 to +100 mmHg. 

5. A process in accordance with claim 4, characterized 
in that said pressure variations are provided with a 

25 frequency of the order of magnitude of 0,05 - 10 Hz, 
preferably 0.5 - 1 Hz. 

6. A device for the treating of and/or removal of 
substances from a liquid, especially whole blood, via a 
microporous semipermeable membrane (13, 14, 15; 19; 21, 21'; 

30 22; 24) through adsorption and/or biological reaction by 
means of a biologically active material, characterized in 
that said device (3) comprises means for providing of an 
alternating flow of a penetrating fraction of said liquid 
through said membrane (13, 14, 15; 19*, 21, 21'; 22*, 24) 

35 in each direction. 




7. A device in accordance with claim 6, characterized 
.in that said biologically active material is immobilized in 
..the pores and/or on the surface of the side of said mem- 
brane (13, 14, 15; 19; 21, 21') that faces away from said 
5 liquid. 

8- A device in accordance with claim 7, characterized 
in. that said biologically active material is chosen among 
biologically active proteinaceous materials. 

9, A device in accordance with claim 8, characterized 
10 in that said biologically active material is chosen among 

antibodies, antigens, enzymes, protein A etc., for example 
killed bacteria and fragments thereof. 

10. A device in accordance with one or more of claims 
6-9 , characterized in that said microporous semipermeable 

15 membrane (13, 14, 15; 19; 21, 21 1 ; 22; 24) consists essen- 
tially of one or more of the following materials: rege- 
nerated cellulose, cellulose acetate, non-woven acrylic 
. copolymer, polysulphone , polyether sulphone, polyacrylo- 
nitrile, poly amide and the like. 

20 11. A device in accordance with claim 10, characterized 

. in that said membrane has pores of the order of magnitude 
of 0.01 - 0.8 microns, preferably 0.15 - 0.45 microns. 

12. A device in accordance with any one of claims 6-11, 
characterized in that said membrane (22) is composed of 

25 two mechanically essentially identic membrane halves (22a, 
22b) , wherein said biologically active material is immo- 
bilized in the pores and/or on the surface of both sides 
of the membrane half (22a) that faces away from said 
liquid - 

30 13. A device in accordance with claim 12, characterized 

in that said membrane halves (22a, 22b) are provided in an 

abutting relationship to each other. 

14. A device in accordance with any one of claims 

6-i3, characterized in that said biologically active 
35 . material is immobilized through covalent binding to said 

membrane (13, 14, 15; 19; 21, 21 1 ; 22; 24). 




15. A device in accordance with any of claims 6-14 , 
characterized in that said means (14) for providing of an 
alternating flow is adapted to expose said liquid to 
pressure variations of the order of magnitude of from 

5 -200 to +200 mmHg, preferably from -100 to +100 mmHg. 

16. A device in accordance with claim 15 , characterized 
in that said means (4) are adapted to provide pressure 
variations with a frequency of the order of magnitude of 
0.05 - 10 Hz, preferably 0.5 - 1 Hz, 

10 17. Microporous semipermeable membrane (13 , 14, 15; 

19; 21, 21'; 22; 24) for the treating of and/or removal of 
substances from a liquid, especially whole blood, through 
adsorption and/or biological reaction by means of a bio- 
logically active material, characterized in that said bio- 

15. logically active material is immobilized in the pores and/or 
on the surface of one side of said membrane (13, 14, 15; 
19; 21, 21') that faces away from said liquid. 

18. Membrane in accordance with claim 17, characterized 
in that said biologically active material is chosen among 

20 biologically active proteinaceous materials. 

19. Membrane in accordance with claim 18, characterized 
in that said biologically active material is chosen among 
antibodies, antigens, enzymes, protein A etc., for example 
killed bacteria and fragments thereof. 

25 20. Membrane in accordance with claim 17, 18 or 19, 

characterized in that it consists essentially of one or more 
of the following materials: regenerated cellulose, cellulose 
acetate, non-woven acrylic copolymer, polysulphone , poly- 
ether sulphone, polyacrylonitrile , polyamide and the like. 

30. 21. Membrane in accordance with any one of claims 17-20 

characterized in that it has pores of the order of magnitude 
of 0.01 - 0.8 microns, preferably 0.15 - 0.45 microns. 

22. Membrane in accordance with any one of claims 17-21 
characterized in that it is composed of two mechanically 

35 essentially identic membrane halves (22a, 22b) , wherein 
said biologically active material is immobilized in the 
pores and/or on the surface of both sides of the membrane 

/ 
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half (22a) that is adapted to face away from said liquid. 

23. Membrane in accordance with claim 22 , characterized 
in that said membrane halves (22a , 22b) are provided in an 
abutting relationship to each other. 



characterized in that said biologically active material is 
immobilized through covalent binding to said membrane. 

25. A process for immobilizing of IgG on and in a 

; microporous semipermeable membrane of amine substituted 
polyamide via glutardialdehyde , characterized in that one 
side of said membrane is treated with a solution of 
glutardialdehyde in phosphate buffer; that the so treated 
membrane is rinsed with distilled water and then sucked 
relatively dry; that IgG, dissolved in phosphate buffer, 
is poured over the membrane in order to cover same; that 
the system is evacuated; that the coupling is allowed to 
proceed; and in that said membrane finally is carefully 
rinsed with water. 

26. A process for . immobilizing protein A on a cellulose 
membrane, characterized in that one side of said membrane 

is treated with chloroacetic acid for coupling of carboxy- 
methyl groups to said membrane; that the membrane is dried 
and then transferred into a degassed phosphate buffer 
solution . containing l-ethyl-3 (3 -dimethyl aminopropyl) carbo- 
diimide; that the reaction is allowed to proceed, where- 
after said membrane is washed with phosphate buffer for 
removing of excess of l-ethyl-3 (3-dimethylaminopropyl) carbo- 
diimide; that protein A is provided to cover said membrane 
which then is allowed to react with said protein; and in 
that the membrane finally is washed with water. 



5 



24. Membrane in accordance with any one of claims 17-23, 
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